We present a new library of fully-radiative shock models calculated with the MAPPINGS iii shock and photoionization code. The library consists of grids of models with shock velocities in the range v s =100-1000 km s −1 and magnetic parameters B/ √ n of 10 −4 -10 µG cm 3/2 for five different atomic abundance sets, and for a pre-shock density of 1.0 cm −3 . Additionally, Solar abundance model grids have been calculated for densities of 0.01, 0.1, 10, 100, and 1000 cm −3 with the same range in v s and B/ √ n. Each model includes components of both the radiative shock and its photoionized precursor, ionized by the EUV and soft X-ray radiation generated in the radiative gas. We present the details of the ionization structure, the column densities, and the luminosities of the shock and its precursor. Emission line ratio predictions are separately given for the shock and its precursor as well as for the composite shock+precursor structure to facilitate comparison with observations in cases where the shock and its precursor are not resolved. Emission line ratio grids for shock and shock+precursor are presented on standard line ratio diagnostic diagrams, and we compare these grids to observations of radio galaxies and a sample of AGN and star forming galaxies from the Sloan Digital Sky Survey. This library is available online, along with a suite of tools to enable the analysis of the shocks and the easy creation of emission line ratio diagnostic diagrams. These models represent a significant increase in parameter space coverage over previously available models, and therefore provide a unique tool in the diagnosis of emission by shocks.
INTRODUCTION
Supersonic motions are a common phenomenon in our complex and fascinating Universe. The kinetic energy of such motions will almost inevitably be eventually dissipated through radiative shocks. Cloud-cloud collisions, the expansion of H II regions into the surrounding interstellar medium, outflows from young stellar objects, supernova blast waves, outflows from active and starburst galaxies, and collisions between galaxies are all examples of astrophysical situations in which radiative shock waves provide an important component of the total energy budget and may determine the line emission spectrum.
In this paper we do not consider very slow (molecular) shocks or indeed, the faster atomic shocks for which the theory has been well-developed by such authors as Dopita (1977) or Raymond (1979) . Rather, we consider only fast shocks, where the ionizing radiation generated Electronic address: allen@astro.u-strasbg.fr Electronic address: brent@strw.leidenuniv.nl by the cooling of hot gas behind the shock front generates a strong radiation field of extreme ultraviolet and soft X-ray photons, which leads to significant photoionizing effects. The detailed theory of steady-flow photoionizing (or auto-ionizing) shocks was developed by and Dopita & Sutherland (1995 , 1996 (hereafter DS95 and DS96) . A detailed textbook development of the theory of shocks is given in .
In photoionizing shocks, the flux of the ionizing radiation emitted by the shock increases in approximate proportion to the energy flux through the shock (∝ v 3 s ). The ratio of this flux in advance of the shock to the pre-shock density, classified as the ionization parameter, determines the velocity of the photoionization front that is driven into the pre-shock gas. At low values of the ionization parameter, the velocity of the photoionization front is lower than the velocity of the shock and the ionizing photons are absorbed in the immediate vicinity of the shock front. The effect of this is to change the ion- Fig. 1.-Ionizing spectra generated by vs=250, 500, 750 and 1000 km s −1 shock models with n=1.0 cm −3 and solar abundance. ization state of the gas feeding across the shock front. As the velocity of the shock increases, the emitted ionizing flux, and therefore the velocity of the photoionization front, increases rapidly. At shock velocities above a certain limit (v s ≈ 170 km s −1 ), the ionization front velocity exceeds that of the shock (and is supersonic with respect to the pre-shock gas) and the photoionization front detaches from the shock front as an R-Type ionization front 1 . This front expands to form a precursor H II region ahead of the shock. At the highest shock velocities, the photoionized precursor emission may come to dominate the optical emission of the shock, and the global radiative shock spectrum provides a rich mixture of emission lines from both high-and low-ionization species.
Appreciable photoionization effects are also produced in the gas behind the shock front, near to the recombination region of the shock. However, in this shock region the velocity of the ionization front is much slower due to the gas compression through the shock front and the ionization front stays trapped in the recombination region to much higher shock velocities. When magnetic effects are negligible, the compression of the gas in the shocked region is proportional to the square of the Mach number in the pre-shock gas, M = v s /c II , where c II is the sound speed in the pre-shock gas. When the magnetic field pressure in the post-shock gas dominates over the gas pressure, the compression factor is determined by the Alfvén Mach Number, M A , which is the ratio of the shock velocity to the Alfvén velocity; v A = (B 2 /4πρ) 1/2 , where B is the transverse component of the pre-shock magnetic field, and ρ is the pre-shock mass density. Thus the presence of magnetic fields act to limit the compression through the shock. In order to account for this effect in computations of the shock structure, DS96 developed the concept of a magnetic parameter; B/ √ n, where n is the pre-shock particle number density.
The grid of low density photoionizing shock models described in DS96 has proved to be a valuable resource to the astronomical community for assessing the role of photoionizing shocks in a range of astrophysical objects. This utility is increased by their availability in electronic form from the AAS CD-ROM Series, Vol 7. (see Leitherer et al. 1996) . These models have most often been applied in studies of the narrow line regions (NLR) of active galaxies, developing the debate on the relative roles of shock and/or photoionization excitation of the NLR, and the question of the radiative versus mechanical energy output of active galactic nuclei (AGN). Other uses of the models have included studies of ionized gas around high velocity clouds (Fox et al. 2004 ),
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Fig. 3.-The hydrogen ionization structure, temperature profile and density profile of a shock and precursor. The vertical axis represents i) the ionization fraction X ion (values ≤ 1) for the ionization structure curves, ii) the electron temperature profile (Te) in degrees Kelvin, shown as the upper line plotted in the figure, and iii) the hydrogen density (n H ) in cm −3 , shown by the dotted line in the shock region (right) panel of the figure. As n H is constant in the precursor (left) it is not plotted. The horizontal axis represents the time since passage of the shock front, with positive values for the shock structure shown in the right of the figure, and negative values for the precursor region where the shock is yet to arrive. The numerical labels indicated on the temperature profile of the shock correspond to different regions of the shock structure as described in the text. The model plotted here is our fiducial model with solar abundances, equipartition magnetic field, a precursor density of n H = 1 cm −3 , and shock velocity of vs=500 km s −1 , as labelled in the upper right corner of the figure. See the electronic edition of the Journal for a color version of this figure. and the intergalactic medium (Shull et al. 2003) .
In DS95 these models were applied to optical line ratios observed in NLRs. They found that Seyferts have values close to the shock + precursor predictions and that Low Ionization Emission Line Region (LINER) galaxies fall within the range of the shock-only models. In Allen et al. (1998) we highlighted the importance of UV line ratios which help separate shock and photoionization models, and we defined a set of UV line ratio diagnostic diagrams. These UV diagnostics were applied to individual objects M 87 (Dopita et al. 1997) , NGC 5728 and NGC 5643 (Evans et al. 1999 ) and NGC 1068 (Groves et al. 2004) . NGC 2992 was also investigated in detail with optical diagnostics and other multi-wavelength data ).
The DS95 model grid has also been extensively used by other authors in studies of AGN. Best et al. (2000) and Inskip et al. (2002) used optical and UV line ratios to show that shocks associated with radio sources in z ∼ 1 3CR radio galaxies can dominate the kinematics and ionization as the radio source expands through the interstellar medium of the host galaxy. These models have also application to the analysis of emission lines in high redshift radio galaxies (Villar-Martin et al. 1997; Maxfield et al. 2002; De Breuck et al. 2000; Villar-Martín et al. 2003; Iwamuro et al. 2003; Reuland et al. 2007) , and in studies of individual low redshift active galaxies including NGC 4151 (Nelson et al. 2000) , M 51 (Bradley et al. 2004 ), M 87 (Sabra et al. 2003) , Mkn 78 (Whittle et al. 2005) , 3C 299 (Feinstein et al. 1999) , NGC 2110 and NGC 5929 (Ferruit et al. 1999) .
Studies of individual objects make it obvious that higher dimensional modeling of the physical structures and radiation fields associated with shocks is necessary in order to be able to more closely model these complex physical systems, and to be able to draw deeper conclusions. Indeed the 1-D, steady-flow nature of these models is acknowledged as their greatest limitation, since all fast shocks are subject to thermal instability, and the generation of secondary shocks within the cooling zone. To address these issues, much effort is being put into higher dimensional numerical simulations of radiative shocks, in particular in the area of understanding the role of local thermal and dynamical instabilities on both the shock structure and on the emergent spectrum . However, given the complexities inherent in their computation, and the large amount of supercomputer time required, complete grids of model predictions from full 3-D models are some time off, and until then, modeling will most likely favour simulations of individual and specific cases.
Thus, the simpler 1-D models remain a useful tool for comparing with observations of both individual objects and in the investigation of the mean parameters of groups of objects observed in surveys. Furthermore, these models serve as a stepping stone towards higher dimensional models. For example, under some simplifying assumptions the radiative properties of 1-D models may be mapped onto those of 3-D hydrodynamical models. In particular, thermally unstable shocks of a given velocity, v s , behave similarly to steady-flow shocks with shock velocities ∼ 2 3 v s . Bearing in mind these effects thermal instability, we advise that care should be taken in the use of 1-D models to derive physical parameters in individual cases, or at least allow for this factor of 2/3.
In this paper we present a new library of 1-D steady flow photoionizing shock models, calculated with an updated version of the shock modeling code, MAP-PINGS iii. The library is an improvement upon and extension of the DS95 & DS96 models, and includes a range of chemical abundance sets, pre-shock densities from 0.01 to 1000 cm −3 , velocities up to 1000 km s −1 , magnetic fields from 10 −10 to 10 −4 G, and magnetic parameters (B/ √ n) from 10 −4 to 100 µG cm 3/2 . These new model grids therefore supersede the previous models, and are designed to be of maximum utility to observers for comparing observations with photoionizing shock models.
As well as reiterating the technique used in MAP-PINGS to create the shock models, we discuss in detail the radiation fields generated by shocks, and the resulting ionization, density and temperature structure of shocks for the range of parameters considered. We also present the resulting model grids on a range of ultraviolet, optical and infrared emission-line diagnostic diagrams, discussing the effects of the various parameters upon the grids, and demonstrate their usefulness and applicability by comparing these grids with emission-line galaxy sample from the Sloan Digital Sky Survey (SDSS).
We introduce the MAPPINGS iii online shock library, the main access point for the results of the shock models, which includes both the resulting emission lines and column depths from the models, as well as the full results of the MAPPINGS iii models for detailed analysis. Also included as part of the library are the analysis tools used within this work, providing a simple and easy mechanism to determine the shock diagnostic power of any emissionline ratios.
MODELING TECHNIQUE
The models presented here have been calculated with the MAPPINGS iii shock and photoionization modeling code, version IIIq. This is an updated version of the MAPPINGS ii code which was described in . The main enhancements of version III include the use of a higher resolution radiation vector, and a more stable scheme for choosing timesteps which allows computation of higher velocity shocks. Other improvements include the explicit inclusion of all the He II emission lines, and a corrected computation of the neutral oxygen emission. Further details on the use of and the chronology of the development of MAP-PINGS models may be found at the MAPPINGS Online web pages 2 . Various improvements to the calculation of photoionization processes have been implemented in version III (Groves et al. 2004a (Groves et al. , 2007 although the dust effects discussed there have not been considered in these shock models, which are fundamentally dust-free. This approximation is probably a physical one, since in the faster shocks dust will be effectively destroyed by graingrain collisions, through both shattering and spallation, and by thermal sputtering. The physics of these processes have been discussed in detail Draine & Salpeter (1979) ; Dwek, Foster & Vancura (1996) ; Jones et al. (1994 Jones et al. ( , 1996 ; Pineau de Fôrets & Flower (1997) and Perna & Lazzati (2002) . We have in any case run models with depleted abundances to facilitate comparison with the earlier DS96 high-velocity shock modeling, so our different model grids can be used to provide some estimate of the effect of dust depletion on the output spectra.
MAPPINGS iii uses exactly the same computational recipe for calculating the flow solution of these onedimensional radiative shock models as described in detail in DS96 for MAPPINGS ii. Briefly, the hydrodynamics of the flow are derived from the Rankine-Hugoniot jump conditions including the magnetic field terms. The four Rankine-Hugoniot conditions, equations 1 -4, represent the conservation of mass, conservation of momentum, the condition that the magnetic field is locked into the ionized plasma, and conservation of energy (see Heng et al. (2007) for a generalization of these conditions). These equations connect two points in the flow at times t and t 0 with density, velocity, pressure, internal energy, and transverse magnetic field ρ, V ,P , U , B, and ρ 0 , V 0 ,P 0 , U 0 , B 0 , respectively.Λ is the mean cooling rate of the plasma over the time step. As set out in DS96, by choosing the subscripted flow variables as the point immediately in front of the shock, the equations can be reduced to a quadratic expression for the flow velocity. By choosing appropriate fractions of the geometric mean of the plasma timescales, the physical conditions in the plasma can be followed smoothly.
The main calculation to be performed at each time step in these shock models is that of the ionization balance and the corresponding mean cooling rate,Λ. The cooling and radiative emission is calculated using a very large atomic data set which allows treatment of all ionization stages of cosmically abundant elements up to fully ionized nickel. Using this atomic data set, the rate equations for non-equilibrium ionization, recombination, excitation, and radiative transfer and cooling are solved at each time step of the flow. Details of the various collisional and radiative processes included in MAPPINGS are described in .
Modeling of all fast radiative shocks is necessarily an iterative process because the detailed structure of the shock depends on the ionization state of the precursor gas entering the shock front. To calculate a fully selfconsistent model of a radiative shock a number of iterations are required. Firstly an initial shock model is calculated using an estimate of the ionization state of the precursor. Then the photoionized precursor is calculated using the ionizing radiation field generated by the shock. This process is then repeated, updating the ionization state of the precursor gas at each iteration. The models presented here employ four such iterations, which was found to be sufficient to allow the temperature and ionization state of the precursor gas to stabilize at a constant value.
In the final iteration of each model, the computation of the shock structure is allowed to proceed until the gas The MAPPINGS III Shock Model Library 5 Fig. 4 .-The hydrogen ionization structure, temperature profile and density profile of a shock and precursor for models with shock veocities of vs = 200 and 1000 km s −1 and equipartition magnetic field. The axes are as described in Figure 3 . See the electronic edition of the Journal for a color version of this figure. has cooled to 1000K, below which no further significant emission in the considered species is produced. The computation of the precursor structure is terminated when the ionized fraction of hydrogen falls to below 1 percent.
Precursor components were computed for each individual model, in contrast to DS96 who computed precursors only for each value of the shock velocity. The precursor ionization does not generally depend on the magnetic parameter but here we chose to compute each individual precursor to ensure full self consistency between the shock and its precursor.
Model Grid Input Parameters
Each individual model in our shock library is defined by five physical parameters; the pre-shock density, n, the shock velocity, v s , the pre-shock transverse magnetic field, B and the set of atomic abundances. The library itself is organized into two main groups of model grids:
• First, complete grids of models calculated for five different atomic abundance sets; (depleted) Solar and 2×Solar as used by DS96 and which are based upon the older Anders & Grevesse (1989) abundance set; a Solar abundance set based upon the Asplund, Grevesse & Sauval (2005) abundances as listed in Dopita et al. (2005) , which is referred to here as the 'dopita2005' abundances; and an LMC and an SMC abundance set as given by Russell & Dopita (1992) . The abundances of the individual elements (by number with respect to hydrogen) are listed for each of these abundance sets in Table 1 . Each of these model grids assume a fixed pre-shock density of n=1 cm −3 , and consists of a set of models with shock velocities covering the range 100 up to 1000 km s −1 in steps of 25 km s −1 , and magnetic fields of 10 −4 , 0.5, 1.0, 2.0, 3.23, 4.0, 5.0 and 10.0 µG. As the pre-shock density is unity, the corresponding magnetic parameters are B/ √ n = 10 −4 , 0.5, 1.0, 2.0, 3.23, 4.0, 5.0 and 10.0 µG cm 3/2 .
• Second, grids of models with solar abundance (as used by DS96), calculated for densities of 0.01, 0.1, 1.0, 10, 100 and 1000 cm −3 . As with the first set, each of these model grids covers shock velocities of 100 up to 1000 km s ever, as the magnetic field values required to obtain these magnetic parameters are of course different for each density, additional models were computed in order to be able to also compare models of different densities with the same transverse magnetic field. These are B∼ 10 −3 , ∼ 10 −2 , ∼ 10 −1 , 1.0, 10 and 100 µG, calculated for each density.
The magnetic field, B, and magnetic parameter, B/ √ n, values are chosen so as to cover the extremes expected in the ISM, while also sampling more finely the magnetic field strengths which are near equipartition. Under equipartition conditions the magnetic pressure is equal to the thermal pressure, and the Alfvén speed is approximately equal to the gas sound speed. Pressure equipartition occurs for B 2 0 /4π ∼ n 0 kT 0 where B 0 is the transverse magnetic field, and n 0 , T 0 are the pre-shock densities and temperatures . This condition is satisfied for magnetic parameters B/ √ n ∼ 3 − 5. The value B/ √ n ∼ 3.23 was chosen as the nominal equipartition value.
The input parameters for the all of the models are provided in Table 3 . Each row of the table represents a velocity sequence of models at a given abundance, density and magnetic field. The table is organized into ten sets of models. The first five sets of models represent the model grids for the five different abundances, and the following 5 sets of models are the solar abundance models for different input densities and magnetic fields. The number and range of model input parameters allows the construction of various 2-D, or higher dimensional, grids of models.
IONIZING RADIATION GENERATED BY THE SHOCK
The ionizing radiation produced in the cooling zone behind the shock front shock is mostly composed of thermal bremsstrahlung (free-free) continuum and resonance lines arising from many different elements and ionic stages. The underlying exponential shape of the continuum is emphasized in Figure 1 where we show the ionizing spectra generated in the n=1.0 cm −3 solar abundance shock models. As can be seen, higher velocity shocks result in harder and more luminous ionizing spectra, with the spectral slope in the log-linear plot clearly flattening with increasing velocity. Note that the histogram nature of the figure also reveals the high energy (frequency) resolution of the MAPPINGS spectral vector. Figure 2 shows the ionizing spectra of 400 and The MAPPINGS III Shock Model Library 1000 km s −1 shocks on a νF ν scale, illustrating both the stronger UV fluxes and harder X-ray spectra generated in high velocity shocks. This figure also shows a prominent low-temperature bound-free continuum of hydrogen, produced in the cool, partially-ionized zone of the recombination region of the shock, and the strong hydrogen two-photon continuum produced mostly by the down-conversion of Lyα photons trapped in this same region of the shock structure. Also present, though to a much weaker scale, is the bound-free continuum arising from the heavier elements, with the helium continuum the most obvious.
The strength of the ionizing field is a strong function of the shock velocity, but does not significantly depend on either the atomic abundance or the magnetic field. This is because the ionizing field is dominated by the bremsstrahlung radiation, whose strength is controlled by the temperature and density of the radiative zone, which is determined by the shock velocity and pre-shock density. As magnetic field support in this cooling zone is negligible, it has little affect on the emission, and, as hydrogen dominates both electron and ion numbers for both the bremsstrahlung and free-bound emission, changes in metallicity have only a small impact. The hydrogen ionizing radiation flux, L UV , integrated for all energies hν > 13.6 eV, and over 2π sr is listed in Table 2 . It is found to scale almost exactly as the available enthalpy as:
(5) The ionizing fields may also be characterized in terms of their ionization parameter in the pre-shock gas. As in DS96 we give ionization parameters, Q, defined as the mean number of photons passing through unit area divided by the total pre-shock particle density; Q = N photons /n T (cm s −1 ). Table 2 lists Q in the H Iionizing 13.6< hν < 24 eV band, Q(H), the He I-ionizing 24< hν < 54 eV band, Q(HeI), and the He II-ionizing band hν > 54 eV, Q(HeII) as a function of shock velocity. We also provide the corresponding R−Type ionization front velocity v ion and the equilibrium electron temperatures, T e just ahead of the shock front.
SHOCK AND PRECURSOR STRUCTURES
We now consider the ionization structures and the physical scales of both the shock and precursor components. Figure 3 shows the ionized and neutral hydrogen structures (as labelled) of the shock and precursor components of the 500 km s −1 solar abundance model, along with the hydrogen density and electron temperaThe MAPPINGS III Shock Model Library ture profiles. Note that the hydrogen density is not plotted within the precursor region as it is set at the constant value of n H = 1.0 cm −3 . The profiles are plotted in the frame of the shock front, considered with respect to the time axis. This axis represents time since (or prior to) the passage of the shock front, and can be converted into a physical distance from the shock front via the shock velocity.
In Figure 3 (and subsequent ionization structure Figures 4-12) , the structure of the precursor is shown in the left panel and the shock structure is shown in the right panel. The shock front is located at time t = 0. The time taken to reach equipartition in the electrons, ions, and un-ionized gas is assumed to be negligible, so that the shock is therefore unresolved and the density and electron temperature jump discontinuously at the shock front. Note also that the time axes are shown in units of 10 12 s, but the scales and ranges are necessarily different for the shock and precursor panels of these diagrams, as well as between the diagrams with different parameters.
As described in DS96 the a number of zones can be identified in the shock structures. These are indicated in Figure 3 and are, respectively:
1. The ionization region. This region, just after the shock front, is in an ionization state below that appropriate for the electron temperature assuming collisional ionization equilibrium (CIE), due to discontinuous temperature jump at the front. After the passing of the front, the gas rapidly (barely resolved in the figures) adjusts from the pre-shock ionization state to the appropriate CIE state for the post-shock temperature. The rate at which it adjusts depends upon the collisional ionization rates of these species. As discussed in DS96, this region has strong line emission due to this state of high temperature and relatively low-ionization.
2. The high temperature radiative zone. This is the zone in which most of the EUV and soft X-ray flux is emitted. The ionization state is approximately in coronal equilibrium for the temperature of the region. Even though the cooling rate of this region is low due to the high temperature, it is the dominant contributor to the radiation field of the shock, assisted by the high-ionization, optically-thin state of the gas. becomes longer than the local cooling timescale. As a result, the ionization state lags and the plasma is in a higher degree of ionization than collisional ionization equilibrium would suggest. The relatively high ionization state for the temperature means that the collisional line emission is weak for these intermediate ionization species, and that the gas remains optically thin to the diffuse radiation of the previous region.
4. The super-cooled zone is the region where photoionization starts to become important in determining the ionization balance. Initially, however, the ionization state is still too high to efficiently absorb the ionizing photons. This leads to an over-cooling, and the temperature falls below the value given by photoionization equilibrium. The width of this region is dependent upon both the recombination and photoionization timescales of the ions.
5. The photoabsorption and recombination zone. This is essentially an equilibrium plane-parallel H II region illuminated by the downstream EUV photon field. The density in this region is much higher than the pre-ionized region ahead of the shock, so that the effective ionization parameter in this zone is much lower, and the H II region is very much thinner. Eventually the EUV photons are absorbed, and hydrogen finally recombines. However, there is a cool, partially ionized region behind the main recombination front. This has a temperature of a few thousand degrees, and is ionized by the hard penetrating X-rays which undergo Auger processes and these lead to the emission of fast electrons which in turn produce secondary ionization cascades.
Hydrogen ionization structures
Figures 4 -7 show, respectively, the effects of changing velocity, magnetic field, pre-shock density and abundance on the structures of the hydrogen ionization fraction, hydrogen number density, n H , and the electron temperature, T e , in the shock and precursor regions. Note that in each diagram the time scale changes due to the effects of the changing parameters. In each diagram the parameters of the model (abundance set, velocity, density, and magnetic field respectively) are listed in the top right corner for clarity.
The dominant parameter of the shock (and precursor) structure and emission is the velocity, as is seen in Figure 4 . This figure shows our fiducial n= 1.0 cm −3 ,
The MAPPINGS III Shock Model Library B/ √ n = 3.23 µG cm 3/2 , solar abundance model with two velocities; v s = 200 and 1000 km s −1 (three including the v s = 500 km s −1 shown in Figure 3 ). There is a clear increase of both the extent and temperature of the radiative zone as the velocity increases due to the greater shock strength, leading to the changes in the ionizing radiation field shown in Figures 1 and 2 . This increase of both the hardness and luminosity of the radiation field leads to the greater extent and ionization in the precursor region, visible through the increased temperature in this figure and the higher ionization species seen in Figures 8-12 . The increased radiation field also affects the ionization of the post-shock recombination region. This is mollified somewhat however by the density increase associated with the faster shock, which leads to a smaller increase in the ionization parameter, though the effects of the harder radiation are still visible. Figure 5 shows models with n=1.0 cm −3 , v s = 500 km s −1 , and solar abundance for differing magnetic fields. The top panel shows a model with the magnetic parameter set to B/ √ n = 0.0001µG cm 3/2 , and the bottom panel has B/ √ n = 10.0µG cm 3/2 , which can be compared with the equipartition model with B/ √ n = 3.23µG cm 3/2 model in Figure 3 . In all three cases the precursor structure is almost unchanged, as the radiation field and shows the column density of the precursor gas which does not depend on the magnetic parameter. The dashed curves show the shock and precursor column densities for the DS96 models, and the dotted curve shows the extrapolation of the column density scaling relation for the shock column density of DS96. luminosity arising from the shock are little affected by changes in B (except at extremely high values), as discussed in sections §3 and §4.4. The insensitivity of the radiation field to B can be seen in this figure through the similarity of the radiative zone between the models. This similarity, a result of the insensitivity of the temperature jump to the magnetic field, means that the ionizing bremsstrahlung radiation that dominates the energetics is practically the same. However, what is sensitive to the transverse magnetic field is the density in the recombination zone behind the shock front. As discussed in DS96, the maximum compression in this post-shock region is driven by the ratio of the post-to pre-shock magnetic fields. Thus a higher initial magnetic field results in a lower density post-shock gas, and therefore, given the similarity in radiation field, a higher effective post-shock ionization parameter. This results in a significantly different ionization and emission structure in the post-shock gas, leading to the strong diagnostics seen in DS95 and in this work ( §5). Figure 6 shows the effect of changing the pre-shock density. We plot our fiducial solar abundance models, with v s = 500 km s −1 and B/ √ n = 3.23 µG cm 3/2 , for each of the densities n=0.1, 10, and 1000 cm −3 , from top to bottom (with the n=1.0 cm −3 case shown in Figure  3 ). Note that the magnetic field, B, is also varied in order to keep the magnetic parameter constant for the models shown. This figure demonstrates that at a given shock velocity, the region influenced by the shock scales with density (to the extent that collision de-excitation effects are unimportant), proving explicitly that to first order the product n 0 t is an invariant with changing density, as asserted by DS96.
TABLE 2 Shock Ionizing Properties
Changes in the atomic abundances directly affect the cooling rate. Figure 7 shows the equipartition case, B/ √ n = 3.23 µG cm 3/2 , with n=1.0 cm −3 and v s = 500 km s −1 for models using the 2×Solar, dopita2005, and SMC abundances. All three models differ in structure, with the expected clear progression in cooling efficiency as we increase in metallicity from the SMC abundances to the twice Solar. This difference in efficiency leads to the changes visible in the spatial and temporal extent of the models, in both the precursor and shock regions. The changes in metallicity also affect the ionizing radiation from the shock due to the weakening of the heavy element free-bound features. However, as discussed in section 3, the effect is minimal.
Ionization Structures of Abundant Elements
The shock model library includes the full fractional ionization structure of all elements listed in Table 1 . In Figures 8-12 we show the ionization structures of helium, carbon, nitrogen, oxygen and sulfur for three veloc- ities (200, 500 and 1000 km s −1 ) of the solar abundance, n= 1.0 cm −3 models with the equipartition magnetic parameter. The associated hydrogen structures are shown in Figures 3 and 4 . In each figure, the ionization fraction, X ion , is shown at the bottom (with values ≤ 1), with each ionization state labelled and the odd and even ionization states shown as the solid and dot-dashed curves respectively for clarity. Also included in each diagram is the hydrogen density, n H , and electron temperature structure, T e , to trace the different shock and precursor zones.
Together, these figures elucidate further what has been discussed in the previous sections; faster shocks lead to a higher temperature, and therefore higher ionization, radiative zone. This in turn leads to a more luminous and harder ionizing spectrum as can be traced within the precursor zone. Similarly this figure allows one to trace the more complex ionization structure of the post-shock recombination region, affected both by the increased ionizing spectrum and increased density that results from faster shocks.
However the true strength of these figures, and the library in general, is their diagnostic ability, allowing the reader to trace exactly where each ionization state arises, which is especially interesting given the X-ray ionized regions that occur far from the ionization front in both the precursor and post-shock regions.
Column Densities
The column densities of the shock and precursor components of the models inevitably increase with shock velocity, and can be as large as N (H)=4×10 21 cm −2 in the shock itself for the highest velocity solar models. The precursor column densities range from between 3 and 20 times larger than the corresponding shock component, with this ratio decreasing for the higher velocity shocks. Figure 13 displays the integrated H II column density of the shock as a function of shock velocity. This is shown for the solar abundance n= 1.0 cm −3 models with equipartition magnetic parameter, as well as the for maximum and minimum magnetic parameters of 0.0001 and 10.0. The dashed line shows the scaling relation given by DS96, and the dotted line shows the extrapolation of this beyond shock velocities of 500 km s −1 . The diagram shows a weak dependence of the column density on the magnetic parameter, and a decrease in the slope beyond shock velocities of 700 km s −1 . The column density of the precursor does not depend on the magnetic parameter. All solar abundance, n=1.0 cm −3 models fall on the same curve, marked 'PRECUR-SOR' in Figure 13 . There is however a systematic difference in the precursor column density compared to the DS96 models, with the newer models having a ∼10% decrease in column density, consistent with the slightly lower fraction of ionizing flux compared with total flux produced in the cooling plasma in the newer models.
Tables of the column densities for all species for every library model are available on-line (see section 6). These columns are a function of both the hydrogen column density and the ionization structures seen in the previous figures. Example tables giving the column densities of the shock and precursor components of the n= 1.0 cm −3 solar abundance models at velocities of 200, 500 and 1000 km s −1 models are presented in Tables 4 and 5 .
Radiative fluxes of Shock and Precursor
Components A fully-radiative shock will, by definition, radiatively dissipate all of the energy flux through the shock. Thus the total radiative flux, L Tot , is equal to 0.5ρv 3 s . DS96 provided scaling relations for the total luminosity of a shock, and showed a similar scaling exists for the total luminosity of the precursor emission. This follows because, in the precursor, all of the radiation emitted in the pre-shock direction is eventually processed.
In Figures 14 and 15 we show the total radiative fluxes generated in the shock and in the precursor respectively, in the MAPPINGS iii models with solar abundance and equipartition magnetic fields. Here we cover the full range of pre-shock density (0.01 − 1000 cm −3 ). To illustrate the relatively minor adjustments to the total radiated flux due to different abundances we also show the luminosities for the models with 2×Solar, Dopita2005, SMC and LMC abundance sets for n= 1.0 cm −3 . Changing the magnetic field from the equipartition value produces too small an effect on the total radiative flux to be visible on the scale of these plots.
SPECTRAL SIGNATURES OF THE SHOCK AND PRECURSOR GAS
While the total luminosities of the shock effectively depends only upon the density and the shock velocity, the detailed emission line spectra depend strongly on the physical and ionization structure of the shock. This is determined primarily by the shock velocity and the magnetic parameter. However, at the higher pre-shock densities (and at lower values of the magnetic parameter) the density close to the photoionized tail and the recombination zone of the shock becomes sufficiently high for collisional de-excitation of forbidden lines to become important. In these circumstances, the emission line spectrum of the shock becomes dependent upon the density as well.
Shocks are characterized by regions of high electron temperature and ionization state. As a consequence, they display a rich spectrum of collisionally excited UV lines. The shock velocity controls the shape of the ionizing spectrum produced by the shock, and the magnetic parameter controls the effective ionization parameter in the photoionized tail of the shock. Higher ionization parameters yield a higher mean ionization in the plasma, so therefore faster shocks give an (optical) spectrum of somewhat higher ionization.
The emission line ratios (with respect to Hβ=1) of a selection of lines for the shock, precursor and shock+precursor components of the solar abundance, n=1.0 cm −3 models are shown separately in Figures 16-18 as a function of shock velocity.
As discussed before, the precursor emission can be considered as an H II region with high ionization parameter. In this region strong cooling lines, like [O III]λ5007, are strong and generally increase in strength with shock velocity as the spectrum produced by the cooling plasma becomes harder, and its flux increases. Eventually, as the shock velocity is increased, the average state of ionization in the precursor region becomes high and the relative intensity of the lines produced by lower ionization turn over, flattening and even decreasing at the higher velocities. For example, in Figure 17 [O III]λ5007 can be seen to flatten out around 600 km s −1 , and even decrease at 1000 km s −1 . In addition the emission line ratios of 40 strong lines are tabulated for shock, precursor and shock+precursor in Tables 6, 7 , and 8 respectively. Complete tables of emission line ratios of all lines, for all models are available electronically ( see section 6).
Line Ratio Diagrams
Diagnostic emission line ratio diagrams are well established as a powerful and practical way to investigate the physics of emission line gas. At a basic level they can be used empirically to identify the key excitation mechanism, and divide active galaxies from their star-formation dominated counterparts. At a deeper level, grids of theoretical models can be used to determine chemical abundances and derive physical parameters such as electron temperature, density, ionization parameter or shock velocity. Various sets of diagnostic diagrams have been proposed and used - Baldwin et al. (1981) (optical), Veilleux & Osterbrock (1987) The MAPPINGS III Shock Model Library 19 multi-dimensional methods for comparing data to models because the ratios can be chosen to be independent of reddening, and tuned to be sensitive to particular physical properties of interest. For example, Dopita et al. (2006) have provided theoretical strong emission line diagnostics for ensembles of H II regions to enable more accurate measurement of chemical abundances in unresolved starburst galaxies, and Kewley et al. (2006) combined standard line ratio diagrams with velocity dispersion measurement to help refine the classification of active galaxies.
As part of the shock model library available online, we include interactive plotting tools to plot diagnostic diagrams, such as the examples presented in the following sections. These tools enable a much clearer picture of these diagnostics than possible within the paper, especially with those grids that twist and fold upon themselves in the 2-D diagrams. In addition, many other diagnostic ratios than those presented here can be formed to gain insights into what diagnostics can be used when only a limited sample of lines are available.
Optical Diagnostics
As a first example, we plot the new shock model grids on a number of the standard optical diagnostic diagrams to reveal the general shape of the model grids, and the sensitivity of the diagnostics to the parameters of shock velocity, magnetic parameter and chemical abundance set. Figure 19 shows the perhaps the most frequently used of the diagnostic diagrams, the Veilleux & Osterbrock (1987) (Baldwin et al. 1981) . For clarity, the shock and shock+precursor grids for the solar abundance n= 1 cm −3 models are plotted separately but on the same scale, as is the case in most of the following diagrams, due to the overlap of the two grids. These two grids represent the physical extremes of having little or no gas ahead of the shock (shock-only), and having an extensive, radiation bounded, precursor region ahead of the shock. As in DS95, the two grids show the range in shock velocity and magnetic parameter, as labelled in the diagram. The lines of constant velocity are plotted at 50 km s −1 intervals as the thin lines. The lines of constant magnetic parameter are plotted as the thick lines in the grid, with the value of the magnetic parameter as marked. For a clearer picture of this and all other diagnostic diagrams in the paper we provide color figures in the online journal.
This figure reveals a similar picture to that in DS95 (their Fig. 2b) , with the shock-only and shock+precursor grids occupying different regions of the diagram, a result of the different processes discussed in the previous sections. Both grids shows broad steps in velocity up to a velocity of ∼ 550 km s −1 , at which the grids begin to compress and turn upon themselves, becoming degenerate. However, for the shock-only grid an increase in velocity causes an increase in the [N II]/Hα ratio, while for the shock+precursor models in results in an increase of the [O III]/Hβ ratio. The situation is reversed for an increase of the magnetic parameter, causing the spread observed in the grids, though the shock+precursor models tend to be degenerate in this parameter at high values. The spread of the grids and their separation indicate the diagnostic power of these figures, allowing the determination of the physical parameters in known shock-ionized plasmas.
Improvements to the MAPPINGS iii code compared to the MAPPINGS ii code used by DS96 means that there are some significant and systematic differences compared to the DS95 grids. Figure 20 shows a direct comparison of the DS95 shock and shock+precursor model grids overlaid on our new solar abundance shock and shock+precursor models for the same diagnostic diagram. The improvement of our new models in terms of parameter space is clear, with DS95,96 models limited to 500 km s −1 in velocity space, and only covering magnetic parameters of 0-4 µG cm 3/2 . The shock component of the models agree reasonably well over the common parameter ranges, although appears somewhat offset. However the shock+precursor grid shows a difference of up to 0.5 dex in the [O III]λ5007/Hβ and [N II]λ6583/Hα ratios. We note again that on this diagram the new shock+precursor models turn over at high shock velocity. One consequence of this is that some active galaxies such as high-redshift radio galaxies, which have been confirmed as being excited by shocks and which were interpreted as matching 400-500 km s −1 shock+precursor models, may in fact be characterized by higher shock velocities. This would help resolve the mis-match between radial velocity dispersions and shock velocities inferred by line ratios as inferred, for example, by Reuland et al. (2007) . Figure 21 shows the same diagram for the different chemical abundance sets which we have used. Each grid covers the same range in shock velocity and magnetic parameter. In both shock and shock+precursor models the [O III]λ5007/Hβ ratio is only weakly affected by abundance, as the increased temperatures within the models from the reduced cooling counteracts somewhat the effects of the drop in oxygen abundance on this ratio (see Figure 7) . The [N II]λ6583/Hα ratio however changes significantly with abundance, predominantly as a consequence of the larger relative abundance differences in nitrogen due to its secondary nucleosynthesis component. In the shock models, the [O III]/Hβ does not change significantly in range either, but the [N II]/Hα ratio becomes compressed, meaning the diagrams are totally degenerate in velocity at low metallicity, predominantly due to the changes photoionized and recombination regions of the shock with metallicity. The case is similar for the shock+precursor, with the grids becoming generally more "compressed" with decreasing metallicity, and decreasing the diagnostic power of the diagrams. Note that for each abundance set the shock-only and shock+precursor models still tend to be discrete grids, and do not significantly overlap.
In Figure 22 we investigate the effect of changing the pre-shock densities on this Veilleux & Osterbrock (1987) diagnostic. For the solar abundance grid, we display the results for the two extreme values of density n= 0.01 cm −3 and n= 1000 cm −3 for both the shock and shock+precursor models. Note the change in scale between this figure and Figure 19 , necessary due to the changes in the grids.
As discussed in section 2.1, the models with varying density were computed not only with the standard mag-20 Allen et al. The DS96 models are shown in black, they are labelled with the shock velocity in km s −1 , and include velocity sequences for magnetic parameters of 0, 1, 2 and 4 µG cm 3/2 which increase from left to right in both the shock-only (lower) and shock+precursor (upper) grids. The new MAPPINGS iii models are shown in greyscale and cover the same range in shock velocity and magnetic field as shown in Figure 19 . Note that the new diagrams show systematic changes with respect to the earlier ones, and that the new models show that these ratios become insensitive to shock velocity for vs > 500 km s −1 .
netic parameter set, but also a range of magnetic fields to allow for the comparison of both B and B/ √ n between the model grids. The range of both B and B/ √ n for these models are given in Table 3 . We include all these models in Figure 22 for completeness, meaning that the grids sample more finely and extend further both the low and high values of the magnetic parameter than seen in Figures 19-21 .
The low-density model grids are in most respects exactly the same as the n= 1 cm −3 grids seen in Figure  19 , with the only difference arising due to the extended B/ √ n range sampled. This similarity is not surprising, as while the luminosity decreases linearly with the decreased density, as seen in Equation 5, the ionization parameter is inversely proportional to density and therefore remains approximately the same in both the shock recombination region and the precursor region. One interesting thing to note is how degenerate the grids become upon the introduction of the very high magnetic parameters.
However, at high pre-shock densities there are clear changes in both the shock and shock+precursor grids. line arises from the precursor, which is not high enough density to collisionally de-excite this transition. There is less of a difference between the grids at high magnetic parameters and at low to intermediate velocities, because lower velocities lead to smaller compression factors, and because magnetic pressure support helps to lessen the degree of gas compression in the tail end of the shock, meaning that the high density needed to collisionally de- excite these transitions is not reached.
Another commonly used Veilleux & Osterbrock (1987) Figure 23 we plot the new grids for this diagram, with the shock and shock+precursor models plotted separately for clarity, as the overlap between the grids makes distinguishing them difficult. As with the previous diagnostic diagram, both the shock and shock+precursor models turn over at high velocities, becoming twisted and with little separation between the velocities. Similarly the magnetic parameters show a similar range in spread in both models, and become more spread with increasing velocity in the shock-only model. The shape of the shock+precursor grid on this diagram is again rather different compared to DS95. Like in Figure 20 zone is consistently high, with only the [O III]λ5007/Hβ ratio decreasing with increasing shock velocity. However, as the magnetic parameter rises, the decreased compression in the photoionized tail of the shock leads to a higher ionization parameter in this zone, and greater dominance of [O III] in the photoionized zone, which has an electron temperature close to 10000K. As a consequence, the electron temperature decreases and the [O III]λ5007/Hβ ratio increases with increasing shock velocity. Together this leads to the fan shape observed in the diagram. The shock+precursor grid is dominated by the bright [O III] emission of the precursor region, and as the precursor is not sensitive to the magnetic parameter, this grid covers a reduced area of the parameter space in the diagram. In terms of velocity, the curve increases in [O III]λ5007/Hβ and decreases in R OIII up to a velocity of ∼ 500 km s −1 , then turns over and begins to increase in temperature again. The shock+precursor grid at velocities less than ∼450 km s −1 and the high magnetic parameter shockonly grid overlap, meaning this diagnostic is degenerate in this range. This diagram is very similar to the DS95, with only the extension to higher velocities and magnetic parameter range differentiating it. However, this similarity also indicates that the well-known "Temperature Problem", discussed in DS95 and many other papers, still exists. A comparison of our models with the observations used in DS95 or larger datasets like SDSS show that the R OIII ratio is too low, and even different abundance sets are unable to fully solve this issue.
UV Diagnostics
In Allen et al. (1998) we emphasized the use of UV line ratio diagrams for the discrimination between shocks and photoionization models for the NLR. These diagrams use relatively bright emission lines and reddening-insensitive ratios. One of the most useful diagrams involves the various ionization stages of carbon C II]λ2326/ C III] λ1909 vs. C IV λ1550 / C III] λ1909. This diagram is shown in Figure 25 with the new solar abundance n= 1 cm −3 shock models. There is significantly more overlap cm −3 shock model grid, b) the n= 1000 cm −3 shock+precursor models, c) The n= 0.01 cm −3 shock model grid, and d) the n= 0.01 cm −3 shock+precursor models. The grids show shock velocities over the range vs=200-1000 km s −1 with lines of constant magnetic parameter shown as thick lines (and colored with increasing blue intensity for higher magnetic parameter in the electronic edition). The thin lines represent constant shock velocity and these are plotted for the full range of magnetic parameters for each density as listed in Table 2 (and are shown colored with increasing red intensity for higher shock velocities in the electronic edition). See the electronic edition of the Journal for a color version of this figure. between the new shock and shock+precursor grids than with the DS96 models because the higher magnetic parameter shock models form a fan-like grid on these axes, which almost completely encompasses the region covered by the shock+precursor models. The shock+precursor grid is twisted on these axes making it multi-valued at most positions, hence not good for assessing shock parameters. This diagram does however remain of great use for separating shock and photoionization models.
Another useful diagram combines the UV carbon ration of C III] λ1909 / C II] λ2326 with [Ne III] λ3869 / [Ne V] λ3426. This has been used by Best et al. (2000) and Inskip et al. (2002) to identify shocks and photoionization in the emission line gas of 3CR and 6C radio galaxies. They show that the ionization state of the gas varies with radio size such that large radio sources (> 120 kpc) are consistent with AGN photoionization, while smaller sources are consistent with shocks associated with the expanding radio source. Furthermore the extreme gas kinematics in the smaller radio sources, and detailed consideration of the energetics and observability of shocks in Inskip et al. (2002) supports the interpretation of shock excitation.
As described in Inskip et al. (2002) , there is a continuous sequence of objects which fall in between the shock dominated and photoionization dominated groups. In these, both mechanisms are likely to play a role and the balance between shocks and photoionization is may shock + precursor models with n= 1 cm −3 and solar abundance. The range and step size of the shock velocity and magnetic parameter for these grids are the same as in Figure 19 . See the electronic edition of the Journal for a color version of this figure. be linked to the radio source size. As the definition of the shock and photoionization groups relies on the coverage of the respective model grids, it is important that these grids are complete. In Figure 26 we reconstruct the same C III] λ1909 / C II] λ2326 versus [Ne III] λ3869/ [Ne V] λ3426 diagram as used by Best et al. (2000) and Inskip et al. (2002) using the data tabulated in those papers. We overlay the new shock model grids to demonstrate how these relate to, and possible help explain, these previously-made conclusions. For comparison, we also plot the set of new and updated AGN photoionization models from Groves et al. (2004b) as well as the A M/I models from Binette et al. (1996) that combine matter-and ionization-bounded clouds to create the observed sequence.
The shock and shock+precursor models are those for new solar abundance n= 1 cm −3 . As in the previous diagram, the shock models define a fan shaped grid, and the shock+precursor grid turns over in both ratios. With the wider range in shock velocity and magnetic parameter the new models cover a greater region of this diagram than the DS96 models used by Best et al. (2000) and Inskip et al. (2002) . Indeed a number of 6C sources which have C III] / λ1909 C II]λ2326 ratios intermediate between the main shock and photoionization groups, fall within the higher velocity shock+precursor . The shock only grid enables both the shock velocity and the magnetic parameter to be independently determined, but the shock + precursor grid is multi-valued at many positions. The range and step size of the shock velocity and magnetic parameter for these grids are the same as in Figure 19 . See the electronic edition of the Journal for a color version of this figure. ) and is labelled with the shock velocity. The shock+precursor grid is shown in dark grey (green in the electronic edition), and displays a twisted shape on these axes, and also overlaps the shock grid. The dusty and dust-free models of Groves et al. (2004b) are also shown with the ionization parameter increasing to the left of the diagram before the turn-over in these curves. The A M/I models from Binette et al. (1996) respectively the shock and shock+precursor model grids for the solar abundance n= 1 cm −3 models. The range and step size of the shock velocity and magnetic parameter for these grids are the same as in Figure 19 . See the electronic edition of the Journal for a color version of this figure. respectively the shock and shock+precursor model grids for the solar abundance n= 1 cm −3 models. The range and step size of the shock velocity and magnetic parameter for these grids are the same as in Figure 19 . See the electronic edition of the Journal for a color version of this figure. grid (6C 1017, 6C 1256, 6C 0943, 6C 1019).
The dust-free and dusty photoionization models from Groves et al. (2004b) demonstrate the other extreme of ionization, where the emission arises totally from gas excited by the ionizing radiation emitted by the accretion of gas onto the central black hole of the AGN. The dust-free models represent MAPPINGS iii photoionization models that have been calculated for a sequence of ionization parameters and densities. The 1Z ⊙ , α=-1.4, n H =10 2 -10 4 models shown here behave in a similar way to the MAP-PINGS ii models described in Allen et al. (1998) (and used by Best et al. (2000) and Inskip et al. (2002) ). The dusty models incorporate the effect of radiation pressure and result in a stagnation of the ionization parameter at high values, offering an explanation for the similarity of Seyfert NLR spectra. Figure 26 shows that the dusty photoionization models can produce line ratios as observed in the larger 3CR and 6C radio sources. The dusty photoionization model plotted here is the 1Z ⊙ , α=-1.4, n H =10 2 and n H =10 4 model, and a discussion of these models in terms of the Best et al. (2000) and Inskip et al. (2002) data, as well as a full grid of such models on the same diagram can be found in Groves et al. (2004b) .
IR Diagnostics
The mid-and far-IR emission from galaxies is dominated by the emission of dust that is heated by UV radiation. IR spectra contain PAH and dust features and are also rich in atomic fine structure emission lines. These spectral features, as observed by ISO and Spitzer offer a wealth of information for studying the nature of the circumnuclear dust, and the contributions of the AGN, shocks and starbursts to the total IR emission. Genzel et al. (1998) lines to identify the presence of AGN in ∼ 90% of LINERs. They confirm the differences in properties between IR-faint and IR-luminous LINERs, and identify the need to disentangle the various stellar, H II region and AGN processes at work in these objects. Groves et al. (2006) investigated the IR emission of the NLR distinct from the emission of the torus, showing that the NLR emission can contribute up to ∼ 10% of the IRAS 25µm flux. They emphasize the fact that high ionization lines like [Ne V]14.3µm arises only in the NLR, and their diagnostic diagram which utilizes only IR lines of neon provides a very useful indicator of AGN and starburst contributions.
Here we present a set of IR diagnostic diagrams drawn from these previous works, overlaid with the solar abundance shock and shock + precursor model grids. Figure 27 ( Sturm et al. (2006) showed how the same diagram separates starburst galaxies, Seyfert galaxies and supernova remnants. Figure 30 shows how the shock and shock + precursor model grids form relatively tight shock velocity sequences in this diagram. The slope of these sequences is similar to the distribution of observed ratios in Sturm et al. (2006) but the models predict systematically higher ratios than observed, except for some LINER objects which fall in the region of the lower velocity shock model grid.
Comparison with SDSS Observations
We now compare the new shock and shock+precursor models to emission line ratios of AGN and star-forming galaxies observed in the Sloan Digital Sky Survey (SDSS). To do this we have adopted the sample of narrow emission line galaxies compiled by Hao et al. (2005) . The classification of the sample into broad-and narrow-line AGN, and star-forming galaxies is considered in detail in Hao et al. (2005) . Here we choose to use the complete narrow emission line galaxies sample of ∼ 42000 sources, and use the AGN/star-forming galaxy separation schemes of Kewley et al. (2001a) , Kauffmann et al. (2003) , and Kewley et al. (2006) in order to emphasize where our model grids lie with respect to these different classes of objects. The distribution of emission line galaxies shows two main branches. The star forming galaxy branch sweeps in a curve showing relatively small scatter from upper left to lower right. This is largely an abundance sequence, with abundances increasing towards the lower right (Dopita et al. 2000; Kewley et al. 2001b; Dopita et al. 2006) Kewley et al. (2001a) and Kauffmann et al. (2003) classification lines respectively. The Kewley et al. (2001a) classification is based on the theoretical maximum line ratios possible by pure stellar photoionization. Galaxies above this line are most likely dominated by AGN. The Kauffmann et al. (2003) line is a purely empirical dividing line between pure star-forming galaxies, and Seyfert-HII composite objects.
For comparison, we show in Figure 31 the shock and shock+precursor grids for the 2×solar metallicity models. This choice of metallicity is driven by the work of Groves et al. (2004) and Groves et al. (2006) , who find that super-solar metallicity photoionization models best reproduce the observed narrow-line ratios in AGN, and the work of Kauffmann et al. (2003) , who find that AGN are typically hosted in galaxies more massive than 10 10 M ⊙ , and therefore likely to contain high metallicity gas (e.g. Tremonti et al. 2004 ) Figure 31 reveals that both the shock and shock+precursor models are generally located in the AGN region of this diagram, lying mostly above the Kewley et al. (2001a) classification curve. The shock+precursor grid overlaps well with the strong AGN or Seyfert branch, lying above the Kewley et al. (2006) LINER/Seyfert dividing line, and extends along the branch with increasing shock velocity. The high shock velocity portion of the grid extends roughly to the limit of the observed distribution before folding over on itself at the highest velocities. At lower velocities, the shock+precursor models extend into the "composites" region and even into the starformation or HII region below the Kauffmann et al. (2003) curve at the lowest velocities and magnetic parameters.
The lower velocity shock-only models also overlap the AGN branch, but are predominantly located in the LINER region, simultaneously extending out and spreading out (with magnetic parameter) at the higher shock velocities.
The emission-line galaxies form similar distributions on the other two Veilleux & Osterbrock (1987) Figures 32 and 33) . The Kewley et al. (2001a) division between AGN and H II region excitation is shown as dotted lines on these figures.
In these figures, the AGN branches show a bifurcation, that has been used by Kewley et al. (2006) to distinguish between Seyfert and LINER galaxies, and so provide a general classification scheme for AGN host galaxies. The Seyfert-LINER dividing line is shown in Figures 32 and 33 as a thick dotted line. The shock and shock+precursor grids overlap the AGN distributions, but tend to fall in the region of the Seyfert-LINER division. The shock-only models mostly fall in the LINER region of these diagnostic plots, but tend to extend to extend to higher values of [S II]λλ6716,6731/Hα, and [O I]λ6300/Hα than is observed. There is also more overlap with the shock+precursor models than in seen in Figure 31 . Kewley et al. (2006) . This diagram provides the cleanest separation between the two AGN branches. In photoionized plasmas, the
,3729 is sensitive to the specific intensity of the radiation field, and the [O I]λ6300/Hα ratio to the hardness or spectral index of the radiation field. As pointed out by Kewley et al. (2006) this diagram provides a simple method for classification, but is more sensitive to reddening correction of the [O III]λ5007/[O II]λλ3726,3729 ratio. Once again, the shock+precursor grids fall predominantly close to the Seyfert-LINER dividing line, and so describe neither the Seyferts or the LINERs particularly well. The pure shock models are a much better fit to the LINER sequence, provided that the shock velocities are not too great. The highest shock velocities have too strong [O I]λ6300/Hα ratios.
In conclusion, Seyfert galaxies are not well described by the shock + precursor models. For these, the radiation-pressure dominated photoionization models (Dopita et al. 2002; Groves et al. 2004a,b) provide a much better description of the spectra. The LINERs, on the other hand, fit better to shock only models, and it is likely that at least some of these objects are in fact shock-excited. A good example of a LINER which is known to be shock-excited is the nuclear disk of M87 (Dopita et al. 1997 ).
THE ON-LINE LIBRARY
The complete electronic files that comprise the MAPPINGS iii Library of Fast Shock Models are available via the Shock Model Portal of the MAPPINGS online web pages at http://cdsweb.u-strasbg.fr/ ∼ {}allen/shock.html. The original MAPPINGS iii output files are available for each model in the library. We also provide tables of emission line ratios, and column densities. These files are organized into the various model sets characterized by a given chemical abundance and pre-shock density and then into velocity sequences for a given magnetic field. The files are listed on the online pages using the model names shown in Table 3 .
The emission line ratio tables are wavelength ordered lists of the flux ratios of all the emission lines calculated in MAPPINGS iii, and are given with respect to Hβ=1. Each table contains the ratios for a velocity sequence of models, 100-1000 km s −1 , for a given abundance set, density and magnetic field. Shock and precursor components are tabulated separately and we also provide tables of the emission line ratios for the combination of shock+precursor. Each emission line ratio table also includes the absolute luminosity of the Hβ line in units of Log 10 (erg cm −2 s −1 ). The column density tables contain the integrated model column densities for all of the ionic stages of each of the elements in the corresponding abundance list. Each table includes the column densities for a velocity sequence of models in units of cm −2 . Column densities for the shock and precursor components are tabulated separately.
In addition to the tabulated model data, we also provide programs for accessing the library of models, and for generating various plots. These programs are coded using IDL 3 and can be used as interactive graphical user interface widgets, and also via the IDL command line.
The SHOCKPLOT package allows plotting the models on 2-D line ratio diagrams using any linear combination of line ratios. SHOCKPLOT enables quick browsing through the many grids of models, and can also be used as a procedure call from other IDL programs to over-plot model grids on observed line ratio data.
SUMMARY
We have presented an extensive library of radiative shock models covering a wide range of shock velocities, magnetic fields, densities and abundances. The shock model predictions for the ionizing radiation, temperatures, and luminosities generated by shocks will be applicable in a wide range of astrophysical situations. The solar abundance models supersede the models of DS96, with model code improvements leading to some differences in the predictions of nitrogen species, and also for models with very low magnetic parameter. Differences in the input abundances result in the most significant variations between the grids of models, and the range and sampling of the shock velocity and magnetic field provides much a more detailed and complete set of model predictions than previously available. The extension to higher shock velocities is important for the analysis of emission line regions of active galaxies where shocks of this speed are expected in jet-cloud interactions (Saxton et al. 2005) . At these shock velocities some of the commonly used line ratios such as [O III]λ5007/Hβ turn over and do not follow simple extrapolations from the DS96 model grids.
Included as a part of this library, the physical structure of the shocks and their precursors give insight into how the physical parameters of the shock lead to the resulting continuum and line emission. We have included in this paper examples of these, exploring the range of the parameters and demonstrating the effects of these of the density, temperature and ionization structure.
We have presented the model grids on a set of standard UV, optical and IR line ratio diagrams, and we have compared of the new models to the example data sets of radio galaxies and the SDSS sample of narrow emission line galaxies. The updated version of the Best et al. (2000) and Inskip et al. (2002) for the analysis of emission line regions of radio galaxies, shows that some of the 6C sources fall within the new higher velocity shock+precursor grid. This supports the interpretation that the emission line regions in smaller radio sources are excited by shocks. The new library of models presented here, and a more complete set of emission line observations of these sources will allow a much more detailed analysis of the contributions of shock and photoionization in these sources.
Large samples of emission line ratios such as now available from the SDSS provide an extremely valuable resource for classifying and analyzing the emission line excitation mechanisms in active and star-forming galaxies. The comparison of the narrow emission line galaxies sample (compiled by Hao et al. (2005) ) to the shock models shows that shocks do predict line ratios in the observed range, and that shocks may indeed provide the best explanation for LINER spectra. This library of shock models, combined with detailed grids of (AGN and starformation) photoionization models now available should allow a new statistical approach to analyzing the contributions of shocks, star-formation and AGN photoionization to excitation of emission lines in galaxies.
The complete set of electronic files that comprise the library are available on-line, along with tools to assist in the comparison of observations to the model predictions line ratio diagrams. Together this library provides one of the largest databases of radiative shock models and a unique tool in the interpretation and diagnosis of fast shocks.
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